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(57) Abstract: Procedure for the manufacture of polyalkene lerephlhalale The invention concerns a procedure for the manulaclure 
of polyalkene terephihalaie, in which both the Lransesterificalion and the polycondensalion steps are performed with one and the same 
catalyst. According to the invention, hydroialcites and hydiolalcite-like compounds of general formula [M(lI),.,M(ni),(OH)2?^(A"- 
x/n?)-m H2O are used alone or in combination with suitable stabilizers, for instance phosphorus compounds or derivatives of orlho- 
tert.-butyl -phenol, without requiring deactivation of the transeslerificalion catalyst. The M(n) in the general formula stands for 
divalent metals, in particular for magnesium, zinc, nickel, copper, iron(n) or cobaltOI). M(nD are irivalent metals, for instance 
aluminum or iron(in). A are anions, such as carbonates, borates or titanyl compounds. 
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PROCEDURE FOR THE MANUFACTURE OF POLYALKENE TEREPHTHALATES 



The invention concerns a procedure for the manufacture of polyalkene terephthalates, 
in which both tlie transesterification and the polycondensation steps are performed with the 
same catalyst. 

At the present time there exist two coniinercial procedures for the manufacture of 
polyalkene terephthalate, in particular of polyetliylene terephthalate. The variant used in 
pai-ticular in the manufactui e of polyethylene terephtlialate for food packaging (bottles) is 
based on the esterification of pure terephtlialic acid. The older procedure, based on dimethyl 
terephthalate, is still used today on a large scale in tlie manufacture of polyester fibers. In tliis 
procedui e it is necessary to accelerate both the ti-ansesterification of dimethyl terephthalate 
with ethylene glycol to bis-(2-hydroxy-ethyl)-terephthalate oligomers and also the subsequent 
polycondensation of the oligomers using suitable catalysts (WO 9213022; EP 0447 110, JP 63 
278 927; DE 2,014,818; JP 46 028 788; DE 1,917,124; FR 1,418,536). 

The reaction of dimethyl terephthalate with etliylene glycol is preferably catalyzed by 
acetates of ti-ansition metals. Patents WO 9213022, JP 63 278 927, DE 1,91 7,124 and EP 
04471 10 describe manganese compounds as catalysts for ti-ansesterification. Zinc salts (DE 
2,014,818; FR 1,481,536) and calcium salts (JP 46 028 788) can also be used as catalysts ui 
tliis procedural step. Following transesterification, tlie catal3^cally active compounds are 
deactivated, since tliey accelerate the tliermal degradation of the polyester under the 
conditions of polycondensation and of processing. 

Patent WO 9213022 describes tlie use of germanium compounds in the 
polycondensation step, while patents EP 04471 10, DE 2,014,818, DE 1,917,124 and FR 
1,481,536 use antimony compounds as polycondensation catalysts. Tlie object of Japanese 
patents JP 63 278 927 and JP 46 028 81 8 is tlie use of titanium compounds as catalyst for 
polycondensation. 

Japanese patent JP 04304231 describes the use of titanium compounds for 
transesterification and of germanium oxide in the polycondensation step. Titanium 
compoimds as polycondensation catalysts are also protected (US 41 15371; JP 06100679). 

It is also loiowii that hydrotalcites and hydrotalcite-lilce substances can be used as 
heterogeneously acting catalysts in polycondensation (WO 01 42335). US patent 5,017,680 
describes the use of a catalyst mixture of manganese and/or calcium, cobalt or zinc 
compounds in tlie ti ansesterification step. The antunony compound necessary for poly- 
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condensation is added together with the transesterification catalysts during the first procedural 
step. The transesterification catalysts are deactivated also in this patent, with a suitable 
phosphoi-us compound, prior to polycondensation. 

US patent 3,457;239 describes the use of lead(II) fluoride as catalj'tically active 
component in botli proceduial steps. 

The use of heavy metal-containing transesterification catalysts (manganese, lead, zinc) 
leads to restricted use possibilities for these polyesters. 

The invention is based on the task of finding a heavy metal-fi*ee catalyst system that is 
capable of catalyzing both the ti*ansesterification and the polycondensation step in the 
manufacture of polyesters, in paiticular of polyalkene terephthalates, without having to accept 
luTiitations regardmg selectivity and reaction rate. 

It was surprisingly found tliat hydrotalcites and hydrotalcite-like compounds of 
general fomiula |M(II)i.^M(niX(OH)2]''"*^(A"" ^.m HjO are able to catalyze, alone or in 
combination with suitable stabilizers such as phosphorus compounds or derivatives of ortho- 
tert.-butyl-phenol, the transesterification and the polycondensation step in the manufacture of 
polyesters, in pailicular of polyalkene terephthalates, without requiring a deactivation of the 
transesterification catalyst. The M(II) in the general fonnula stands for a divalent metal, in 
particular for magnesium, zinc, nickel, copper, iron(ir) or cobalt(II). M(III) ai-e trivalent 
metals, such as aluminum or iron(III). A represents anions, such as carbonates, borates or 
titanyl compounds. 

The particle size of the hydrotalcites and hydrotalcite-like compounds used lies in Hie 
range of 0.1-20 ^im, preferably m the range of 0.5-10 \im. 

The calcination of the hydrotalcites and hydrotalcite-like compounds used occurs at 
temperatures between 250 and 900°C, preferably between 450 and 850°C. 

The phosphoms compounds used can be phosphoric acid esters or esters of 
phosphorous acid that have at least one hydrolyzable P-O bond and preferably, at least one o- 
tert. -butyl-phenol group. 

Suitable stabiUzers are also pmely organic compounds that have at least one o-tert.- 
btityl-phenol group. 

The catalyst system according to tlie mvention is composed of the hydrotalcite or tlie 
hydi'otalcite-like compound and the stabilizer, in a ratio of 1:0.5 to 1:4, preferably of 1:1 to 
1:2. 
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In combination with the stabihzers, the unseated and the calcined hydrotalcite-Iilce 
compounds show increased catalytic activity, compared to traditional catalysts, for 
transesterifi cation and for polycondensation. These catalyst/stabilizer systems are 
physiologically harmless and thereby differ from the conventionally used heavy metal 
systems. 

It was found that these substances, independently of their elemental composition, have 
a liigh catalytic activity in both procedural steps (transesterification and polycondensation). 
With these catalyst systems, transesterilBcation is performed vmder normal or overpressure, at 
temperatures between 1 80°C and 260°C and an excess of etliylene glycol, relative to 
dimethyl-terephthalate and/or the esters of other aj-omatic dicai'boxylic acids. With these 
catalyst system the polycondensation occurs at reduced pressure and at temperatures of 230°C 
to 280°C, in the hquid phase. 

The addition of the catalysts can be accomplished either by adding the total amount of 
catalyst prior to the transesteriJBcation, or by dividing the addition, with at least 50 % added 
before the transesterification and the rest before the polycondensation step. 

The addition of stabilizers leads to an increased thennal stability of the polyesters 
under the conditions of polycondensation and the subsequent processing. The generation of 
liighly volatile impurities, such as acetaldehyde as product of the thermal decomposition of 
polyestei's based on ethylene glycol, and the discoloration can thereby by substantially 
repressed. 

The invention will be clai-ified below by means of implementation examples. 

The intrinsic viscosity (IV) of the polyesters synthesized was deteiinined on an 
instrument of tlie Schott company (AVSPro), on 250 mg resm dissolved in 50 ml 
phenol/diclilorobenzene (1:1). 

1 . Realization of the transesterification 

The manufactm-e of the precondensate by transesterification of dimethyl-terephthalate 
with ethylene glycol to bis-(2-hydroxyethyl)-terephthalate oligomers was perfoimed in a 2 L 
fouT-necked flask with distillation head, thennometer, stirrer and gas inlet tube. In each case, 
preplace 2 mol dimethyl-terephthalate, 8 mol etliylene glycol, the catalyst and the stabilizer. 
Heat with sthring to 1 50*^0. At this temperature the methanol released begins to distill off, in 
most cases. The tiajisesterification product is tlien heated to up to 230°C, under constant 
stiiTing and distillation of methanol. In order to remove the methanol and part of the ethylene 
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glycol excess as completely as possible from the reaction mixture, wash with nitrogen for 
approximately 15 min, at this temperature. The cooled but still Kquid reaction product is next 
transferred to a steel dish, where it slowly crystallizes out upon cooling. Once the product has 
cooled, it is ground and subsequently used in tlie polycondensation step. 

2. Realization of the polycondensation 

In a 250 ml single neck flask with stirrer and distillation head, preplace 100 g catalyst 
and stabilizer-containing precondensate, consisting of terephthalic acid-ethylene glycol 
oligomers, with a mean molecular weight of 800 g/mol, together with fresh catalyst in one 
paii of the experiments. Evacuate the equipment to approx. 0.5 mbar and aerate with nitrogen. 
This process was repeated a total^of 3 times. Immerse the glass flask in a salt bath at 280°C 
and allow tlie precondensate to melt at tliis temperatme. As soon as melting is complete, 
carefially apply a vacuum. 

Under constant stiixing and distilling off the released ethylene glycol, perform the 
polycondensation at a temperature of 280°C. 

After stopping the polycondensation by aeration with nitrogen, allow tlie product to 
cool in the flask and characterize the polyester after separating it from the adhering glass. 

Table 1 summarizes the results for the experiments performed. 
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Table 1 makes clear the catalytic effect of the hydrotalcites and hydrotalcite-Iike 
compounds both in the transesterification and also the polycondensation step. The activity 
of the catalysts Hsted is at least comparable to the traditionally used catalyst systems, in the 
two reactions. 

The stabilizers are added in view of the processing of the polyesters. The 
discoloration and foraiation of highly volatile degradation products can be substantially 
cuitailed by the addition of these substances, without losing in selectivity and activity of the 
catalysts in the process. 

Tlie polyesters synthesized m this manner can be used both as starting material for 
fibers and also as material for food packaging (bottles, sheets, etc.). 

It is obvious that besides the variants listed as implementation examples, otlier 
combmations of catalysts according to the invention and laiown catalysts are conceivable. 
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PATENT CLAIMS . 

1 . Procedure for the manufacture of polyalkene terephthalate, characterized by both the 
transesterifi cation and the polycondensation steps being catalyzed by hydrotalcites or 
hydrotalcite-like compounds of general formula 

[M(JI),.,MaiD.(OH)J'^^(A- ^„).m H^O, 
alone or in combination with stabilizers, where M(II) stands for divalent metals, M(ni) 
for ti-ivalent metals and A for anions, without requiring deactivation of the 
traiisesterification catalyst. 

2. Procedure for tlie manufacture of polyalkene terephthalate according to claim 1, 
characterized by MQT) being magnesium, zinc, nickel, copper, iron(II) or cobalt(ir); 
M(ni) is aluminum or iron(III) and A are carbonates, borates or titanyl compounds. 

3. Procedure for the manufacture of polyalkene terephthalate according to claims 1 and 2, 
characterized by tlie stabilizers used being phosphorus compounds or derivatives of 
ortho-teil.-buty l-phenol . 

4. Procedure for tlie manufacture of polyalkene terephtlialate according to claim 3, 
characterized by the phosphoras compounds used being phosphoric acid esters or 
phosphorous acid esters, that have at least one hydrolyzable P-0 bond and preferably at 
least one ortho-tert.-butyl-phenol group. 

5. Procedure for tlie manufacture of polyalkene terephthalate according to claims 1 through 

4, clwacterized by the catalyst system used having a ratio of h^^drotalcite or 
hydrotalcite-like compound to stabilizer in tlie range of 1 :0.5 to 1 :6, preferably of 1 :1 to 
1:2. 

6. Procedure for the manufacture of polyalkene terephthalate according to claims 1 tlirougli 

5, characterized by tlie amount of catalyst added being of 1 00 to 50 % before 
transesterification and of 0 to 50% before the polycondensation step. 
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1. Procediire for the manufacture of polyalkene terephthalate according to claims 1 tlirough 

6, characterized by the particle size of the hydrotalcites or hydrotal cite-like compounds 
used being in the range of 0.1 to 20 |im, preferably in the range of 1 to 10 jim. 

5 8. Procedure for the manufacture of polyalkene terephthalate according to claims 1 through 

7, characterized by the calcination of the hydrotalcites or hydrotalcite-like compoui:ids 
used occurring at temperatures between 100 and 900 ""C, preferably between 450 and 
850 °C. 

10 9. Procedure for the manufacture of polyalkene terephthalate according to claims 1 tlirough 

8, chai-acterized by the transesterification being perfonned under norma] or increased 
pressure, at temperatures between 1 80°C and 260''C and the poly condensation under 
reduced pressure at temperatures of 230°C to 280°C in tlie liquid phase. 

15 10. Utilization of polyalkene terephthalate, produced according to claims 1-9, for the 
manufacture of fibers as well as packaging, such as bottles and sheets. 
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